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(57) Abstract: A delivery and filling system for filling a cavity with a particulate material is disclosed. The system in one embod- 
iment includes a hopper; a transport device, and a delivery chute. The hopper, transport device, and delivery chute each may have 
a porous distributor plate which partitions them into a first chamber and a second chamber. The system is hooked to a compressed 
gas source connected to the porous distributor plate and a fluidizer. A gas-control unit is provided including a pressure regulator, 

£^ pressure sensor, and flow metering solenoid valve to independently regulate the flow of gas to the porous distributor plate and the 

^ fluidizer of the system independently. 
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FLUIDIZED FILLSHOE SYSTEM 

Cross Reference to Related Applications 

This application is a continuation-in-part application of United States Patent 
Application Serial No. 08/964,128, Entitled "Powder Delivery System For Die Filling", 
filed November 6, 1997. Applicants claim priority thereto pursuant to 35 USC Section 
119. 

Background of the Invention 
Field of the Invention 

The invention relates in general to techniques and apparatus for delivering 
particulate material and filling cavities in a uniform and consistent manner during 
successive filling operations. The invention relates in particular to powder delivery 
systems for delivering particulate material and filling closed cavities, such as die cavities 
of die-casting machines, and for filling open cavities, such as containers on food packaging 
production lines. 

Description of the Related Art 

Powder delivery systems are used for delivering particulate material and filling die 
cavities of, e.g., die-casting machines prior to powder compaction in processes for 
fabricating consolidated parts for automotive, aerospace, micro-electronics, 
pharmaceuticals, vitamins, etc. Powder typically is gravity- fed from a main hopper to the 
die cavity by transfer through a flexible tube to a feedshoe or fillshoe, which deposits 
powder into the die cavity. The process of depositing powder in the die cavity is called 
"die filling". 

The process of powder delivery and filling by gravity is the most common way of 
delivering powder and filling a die cavity. The feedshoe is pushed forward between the 
surface of a die cavity and a top punch, and positioned on top of the die cavity. 
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Depending on powder flow characteristics, cavity shape and size, type of die-casting 
machine, and filling method, the feedshoe is typically mechanically vibrated while on top 
of the die cavity to loosen the powder, break any clumps and ensure that the die cavity is 
full before the feedshoe is retracted. 

5 There are several problems associated with prior art processes for powder delivery 

and filling of a die cavity. 

One such problem is variation in filling conditions during successive filling 
operations, i.e. from part to part. Variations in filling conditions from part to part result 
in variations in weight from part to part, and a non-uniform fill of the die cavities. A non- 
10 uniform fill results in variations in density between the front and back of the part and in 
distortion of the part during sintering. Typically, part specifications include limits on 
acceptable variations in part weight and on acceptable variations in density within the part. 
Parts that do not meet the specifications are rejected. 

The variations in filling conditions from part to part are due, in part, to variations 
15 in head pressure, clumping, surge, and dead zones of material within the feedshoe. The 
head pressure is due to the powder in the feedshoe, the flexible tube and the main hopper. 
As a result of the powder delivery system design, wherein the flexible tube is typically 
connected to the backside of the feedshoe, the powder in the back of the die cavity is 
subjected to a higher head pressure than the front of the die cavity. 

20 During operation, the feedshoe is pushed forward and centered above the die cavity 

and then retracted before compacting. The movement of the feedshoe across the die cavity 
results in the back of the die cavity being subjected to the higher head pressure for a longer 
period of time than the front of the die cavity. These effects combine to produce variations 
in part density between the back and the front of the part, which result in distortion during 

25 sintering. 

Clumping and surge of the powder within the feedshoe and flexible tube 
contributes to non-uniform filling of die cavities. Mechanical shaking of the feedshoe 
above the die cavity can break clumping in the powder and improve fill uniformity but is 
not consistent during successive filling operations. 

30 A further problem results from fine powders/particulate materials, which do not 



have good flow characteristics, thus posing a serious problem for the die filling operation. 
Lubricants are added to reduce interparticle friction and improve flowability, thereby 
requiring an energy intensive delubing cycle after compacting to remove all added 
lubricants. 

A further problem is that mechanical shaking of the feedshoe causes segregation 
of fine powders/particulate materials from coarse powders/particulate materials resulting 
in a loss of uniformity in particle size distribution and chemical composition. This powder 
segregation results in powders with different apparent densities and chemical composition 
being filled in the die cavity during successive powder filling operations. 

A solution to these and other problems is needed. Such solution is provided by the 
novel invention recited herein. 

Brief Summary of t he Invention 

The invention contemplates supplying a technique and apparatus for delivering 
particulate material and filling cavities in a uniform and consistent manner during 
successive filling operations. In preferred embodiments, the invention provides a powder 
delivery system for delivering particulate material and filling closed cavities, such as the 
closed die cavities of die-casting machines; or for filling open cavities, such as open 
containers on food packaging production lines. 

Die Casting and Sintering 

The three basic steps for producing parts by the press and sinter process are mixing, 
compacting and sintering. In step one, mixing, elemental or prealloyed powders are mixed 
with lubricants or other alloy additions to produce a homogeneous mixture of ingredients. 
The lubricant reduces interparticle friction and improves the flow characteristics of the 
powder mixture. In step two, compacting, mixed powder is fed into a precision die on a 
die-casting machine and is compacted. Compacting the loose powder produces a "green 
compact" which has the size and shape of the finished pan when ejected from the die. In 
step three, sintering, the green compacts are placed on a wide-mesh belt and slowly moved 
through a controlled atmosphere furnace. The parts are heated to below the melting point 
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of the base material, held at the sintering temperature, and then cooled. 
Tabletting and Dry Compaction 

The production of pharmaceutical preparations, e.g. vitamins, or tablets containing 
an active medicament in a carrier or other suitable excipient, requires precise and 
homogeneous mixation techniques. Similarly, candies usually must have an acceptable 
hardness, mouthfeel, and duration within the mouth. These characteristics can depend in 
part upon the homogeneity of the composition in the tablet form. 

Dry powder, or a semidry paste, is placed within a tablet mold and subjected to 
pressure. The amount of pressure usually determines the hardness of the tablet, and 
consequently its lifetime within the mouth (subject, of course, to chewing). It is important 
for dosage amount and appearance that the powder feed corrfectly into the tabletting 
machine. 

The Closed Cavity Device 

In one embodiment, the invention provides a method and apparatus for powder 
delivery and filling of a closed cavity, such as a die cavity of a die-casting machine. The 
apparatus includes a mini-hopper, a transport device, a delivery chute and a gas control 
unit. 

The mini-hopper has a porous distributor plate for partitioning the mini-hopper into 
a first partition in which the bed of particulate material is stored and a second partition 
separate from the first partition and in communication with the first partition via the porous 
distributor plate. An inlet port is provided for receiving a compressed gas in the second 
partition at a low pressure, whereby only the bottom surface of the bed of particulate 
material becomes fluidized by migration of the compressed gas through the porous 
distributor plate and into the first partition. 

The transport is connected to the side of the mini-hopper and delivers 
powder/particulate material from the mini-hopper to the delivery chute. The transport has 
a porous distributor plate for partitioning the transport into a first partition in which the 
particulate material flows and a second partition separate from the first partition and in 
communication with the first partition via the porous distributor plate. 
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The delivery chute can function as the powder discharge unit directly above the die 
cavity Fluidizers are embedded in the delivery chute to ensure that the powder is fluidized 
before filling the die cavity. The delivery chute is customized to part shape to optmuze 
fill performance for individual parts or a family of parts, depending on part size and shape 
5 complexity. 

An in-line dryer may be provided to remove moisture from the gas supply, while 
an in-line filter may be used to remove solid impurities in the gas supply. The gas control 
unit can include three independent pressure regulators, located in a separate housmg, and 
three pneumatic solenoids, which are used to regulate the flow of gas to each segment of 
10 the fillshoe independently. The solenoids are preferably timed to control fluidizat.on of 
the powder over the die cavity. 

The apparatus in one embodiment provides for venting of gas in each segment of 
the fillshoe to prevent build up of pressure within the system and in the die cavity, wh.ch 
wi ,l prevent uniform, complete and consistent filling of die cavities. The apparatus also 
15 preferably provides for collection of any fine powder particles that may escape through the 
venting screens. 

The apparatus in a particularly preferred embodiment has a low profile, fits on a 
compacung press, and can be pushed into position between the die surface and top punch 
of a die-casting machine during die filling operation. 

The apparatus for filling closed cavities is preferably easily movable. The 
' apparatus is pushed forward into position above a die cavity for filling and then retracted 
after filling and before compacting. The low profile apparatus for filling closed cavn.es 
can be positioned between the die surface and top punch of a die-casting machine. 

The Open Cavity Filling Device 

The invention, in another preferred embodiment, provides a method and apparatus 
' for powder delivery and filling of an open cavity, such as a eomatner on food packaging 
production lines. The apparams for fifiing open cavities is preferably stanonary, although 
„ may bo moved for adjustment purposes or to accommodate packings of vanous stzes 
on a continuous production line. 
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The apparatus in one embodiment includes a mini-hopper, a transport, a delivery 
chute and a gas control unit. 

The mini-hopper can function as an intermediate storage unit for powder and is 
configured to receive powder from the main hopper. The mini-hopper has specially 
designed porous distributor plates for partitioning the mini-hopper into a first partition in 
which the bed of particulate material is stored and a second partition separate from the first 
partition and in communication with the first partition via the porous distributor plate. 

An inlet port is provided for receiving a compressed gas in the second partition at 
a low pressure, whereby only a layer of particulate material next to the porous distributor 
plates becomes fluidized by migration of the compressed gas through the porous 
distributor plates and into the first partition. 

The transport delivers powder/particulate material from the mini-hopper to the 
delivery chute. The transport has a porous distributor plate for partitioning the transport 
into a first partition in which the particulate material flows and a second partition separate 
from the first partition and in communication with the first partition via the porous 
distributor plate. An inlet port is provided for receiving a compressed gas in the second 
partition at a low pressure, whereby only the bottom layer of the particulate material 
becomes fluidized by migration of the compressed gas through the porous distributor plate 
and into the first partition. 

The delivery chute preferably has a center fluidizer which is used to regulate 
powder flow and meter the amount of powder. This can be accomplished, e.g., by the use 
of a timer and turning the gas flow on and off. The delivery chute can act as a fluidized 
powder valve by preventing powder flow once the gas is turned off. 

The gas control unit is used to control the gas moisture content and regulate powder 
fluidization and powder flow in relation to the movement of the production/filling line. 

In a preferred embodiment, an in-line dryer removes moisture from the gas supply. 
An in-line filter is also preferably used to remove solid impurities in the gas supply. The 
gas control unit is used to control the gas moisture content and regulate powder 
fluidization in relation to the movement of the production line. 
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The gas control unit in one embodiment includes three independent pressure 
regulators, located in a separate housing, and three pneumatic solenoids, which are used 
to regulate the flow of gas to each segment of the fillshoe independently. The solenoids 
are timed to control fluidization of the powder over the open container on a production 
line. When the gas to the fluidized powder valve is turned on, particulate material flows 
into the open container. When the gas to the fluidized powder valve is turned off, the flow 
of particulate material is cut-off immediately. 

A timer is preferably used to regulate the time at which the gas to the fluidized 
powder valve is turned on and off, providing an accurate way of metering particulate 
material for filling a container or an open cavity. 



Objects of the Tnventirm 

It is therefore an object of this invention to provide a new method and apparatus 
for powder filling of a die cavity. 

It is a further object of this invention to provide an apparatus with a low profile that 
can be fitted on a die-casting machine between the die surface and the top punch of the die- 
casting machine. 

It is a further object of the invention to provide a method and apparatus for powder 
delivery and consistent filling of a die cavity from the feedshoe during successive filling 
operations. 

It is a further object of the invention to provide a method and apparatus for powder 
delivery and consistent filling of a die cavity which improves uniformity of fill of the die 
cavity from the feedshoe. 

It is a further object of the invention to provide a method and apparatus for powder 
delivery to a die cavity which reduces or eliminates segregation of fine particles from 
coarse particles and which maintains uniformity in chemical composition. 

It is a further object of the invention to provide a method and apparatus for powder 
delivery and filling of a die cavity which enhances the flowability of fine 
powders/paniculate materials. 
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„ is a further objec, of .he invention ,o provide . mernod and appararus for powder 
livery and fiUrng of a cavity for forming .ablets, which appararus enhances .he 
flowability of fine powders/paniculate ma.erials. 

„ is a further objec, of rhe fnvenrion to provide a merhod and appararus for powder 
dehvery and fi.ltag of a die cavhy which reduces or efrmrnares me need for using organrc 
binders fo adhere me fine particles wi.h .he coarse particiesro proven, particle segregauon. 
„ is a further objec. of.be invention ,o provide a method and apparams for powder 
dehvery ,0 a die caviry, which minimizes or e,imina.es Ore need ,o use a fubrtcanf. 

The foregoing and other objects, feamres, and advanrages of .he invention win be 
, apparen, .o .he sltuled artisan hav,„g regard for .his disciosure. The examples wh.ch 
Mow are in.ended ,o serve as illusrnmve and no. by way of hm.taf.on. 



B^.rnwrin iinn nf Thr Dramngs 

Figure !A shows a cmss-secfronal view of an exempfary apparama for filling 
closed cavilies according .0 a prefen-ed embodiment. 

Figure IB is a schematic diagram of an exemplary appam.ua for a gas con.ro. uni. 
of an apparama for filling closed die cavilies. 

Figure 2A is a fop pfan view of an exemplary delivery chu,« desigu with muhipfe 
fluidizers or pedals. 

Figure 2B is a eross-secuona, v.ew of an exemplary chore des.gn wirh mnU.pfe 
20 fluidizers or pedals. 

Figure 2C is a cross-sectional view of an individual fiuidizer. 
Figure 3 is a cmss-seeuonaf v,ew „fano,ber exemplary delivery chore des.gn wim 
a ring fiuidizer. 

Figure 4 A is a cross-seclional view of another preferred embodiment of a delivery 
2S chute design wim a r.ng fiuidizer and a confer fiuidrzer .llusrrating a gas ofi condmon 
' whereby .be chute functions as a passive valve (powder .odea when gaa ,s off,. 
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Figure 4B is a cross-sectional view of the embodiment of figure 4A illustrating the 
gas on condition whereby the delivery chute functions as a passive valve (powder flows 
when gas is on). 

Figure 5 A is a cross-sectional view of an embodiment of the invention configured 
5 for filling open cavities, showing the powder lock when the gas is off. 

Figure 5B is a cross-sectional view of an embodiment of the invention configured 
for filling open cavities, showing the powder flowing when the gas is on. 

Figure 6 is a cross-sectional view of an embodiment of the invention configured 
for filling open cavities with powders with good flow characteristics. 

10 Figure 7 is a cross-sectional view of an embodiment according to the invention for 

filling open cavities with powders with poor flow characteristics. 

Figure 8 is a cross sectional view of a fluidized in-line connector according to the 
present invention to assist the flow of powders with poor flow characteristics. 

Detailed Description of the Preferred Embodiments 

15 The following description of preferred embodiments is meant to be read in 

conjunction with the accompanying drawings, in which reference characters refer to the 
same pans throughout the various views. The drawings are not necessarily to scale, 
emphasis instead is being placed upon illustrating principles of the invention. The 
drawings serve merely to illustrate the invention, and are not meant to limit it in scope in 

20 any way. 

The present invention provides a method and apparatus for powder delivery and 
filling of cavities in general, said cavities being used for sintering, casting, die casting, 
tabletting, or other forms of powder use including metallurgy, or other industrial, 
manufacturing, distributing, or other uses. For ease of description, the below occasionally 
25 references a preferred embodiment, pressing and sintering, but it is clear to the skilled 
artisan that many uses for the instant invention will be apparent without departing from the 
spirit and claims of the instant disclosure. 
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Powder Processes Generally 

There are three basic steps for producing parts by a technique of pressing, or 
pressing and sintering. 

Initially, the components of the composition to be made into a part are mixed. 
5 Mixing should be uniform to ensure that the resultant part has a homogeneous structure 
and no large agglomerations of particles or voids are present. The components may be 
powders, granules, prealloyed particulates, particles made by any of several known 
techniques - air atomization, water atomization, or the like. 

The components may be uniform or irregular; in any event the primary object is to 
10 ensure a uniform dispersion, while mixing and also while being transported to the die 
casting machine. In this step, mixing, elemental or prealloyed powders may be mixed with 
lubricants or other alloy additions to produce a homogeneous mixture of ingredients. The 
lubricant reduces interparticle friction and improves the flow characteristics of the powder 
mixture. 

15 The powder or the like is then subjected to compacting, wherein mixed powder is 

fed into a rough cut or precision die on a die-casting, tabletting, or other machine and is 
compacted. Compacting the loose powder produces a "green compact" which has the size 
and shape of the finished part when ejected from the die. It is important that the 
component powder subjected to the compaction is uniformly distributed in the die or mold 

20 and homogeneous. If a tablet is being produced, this is frequently the last step if no further 
processes are necessary, e.g. coating or the like. 

During sintering, the so-called "green compacts" are placed on a wide-mesh belt 
and slowly moved through a controlled atmosphere furnace. The parts are heated to below 
the melting point of the base material, held at the sintering temperature, and then cooled. 

25 Other forms of metallurgy, e.g. the production of various alloys; or the production 

of ceramic metal (cermet) materials, require a similarly homogeneous dispersion of 
materials within a binder, lube, other carrier, or no carrier. The apparatus and method of 
the instant invention ensures such a dispersion. 
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The Closed Cavity Apparatus and Process 

In one version of the invention, the cavity to be filled is a closed cavity, such as a 
die cavity of a die-casting machine or the tablet forming plate of a tabletting machine. 

The apparatus contains a mini-hopper, a transport device, a delivery chute and a gas 
control unit. The mini-hopper may function as an intermediate storage unit for powder and 
is configured to receive powder from the main hopper. The mini-hopper provides isolation 
of the fillshoe from the main powder hopper and regulates powder pressure head during 
the filling operation. 

The mini-hopper has a porous distributor plate for partitioning the mini-hopper into 
a first partition in which the bed of particulate material is stored and a second partition 
separate from the first partition and in communication with the first partition via the porous 
distributor plate. 

An inlet port is provided for receiving a compressed gas in the second partition at 
a low pressure, whereby only the bottom surface of the bed of particulate material becomes 
fluidized by migration of the compressed gas through the porous distributor plate and into 
the first partition. 

The transport is connected to the side of the mini-hopper and delivers 
powder/particulate material from the mini-hopper to the delivery chute. The transport has 
a porous distributor plate for partitioning the transport into a first partition in which the 
particulate material flows and a second partition separate from the first partition and in 
communication with the first partition via the porous distributor plate. 

The delivery chute may function as the powder discharge unit directly above the 
die cavity. Fluidizers are preferably embedded in the delivery chute to ensure powder is 
fluidized before filling the die cavity. The delivery chute is customized to part shape to 
optimize fill performance for individual parts or a family of parts, depending on part size 
and shape complexity. 

For example, one center fluidizer is used for large ring-shaped parts, and functions 
as a passive (no moving component) powder valve when the gas is turned on and off. 
Several small fluidizers are used for gear-shaped parts, and are positioned above gear 
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lightening holes. A ring fluidizer is used for powders with poor flow characteristics and 
to increase fill speed. 

The gas control unit is used to control the gas moisture content and regulate powder 
fluidization in relation to the movement of the fillshoe on the die-casting machine. An nv 
line dryer preferably removes moisture from the gas supply, and preferably an in-line niter 
is used to remove solid impurities in the gas supply. 

In this embodiment, the gas control unit includes three independent pressure 
regulators, located in a separate housing, and three pneumatic solenotds, which are used 
to regulate the flow of gasjo each segment of the fillshoe independently. The soleno.ds 
> are timed to control fluidization of the powder over the die cavity. 

Theapparatusprovidesforvenungofgasmeachsegmentofthefillshoetoprevent 

bui ld up of pressure within the system and in the die cavity, which will prevent uniform, 
complete and consistent filling of die cavities. The apparatus also provides for collects 
of any fine powder particles that may escape through the venting screens. The apparatus 
5 has a low profile, fits on a compacting press, and can be pushed into position between the 
die surface and top punch of a die-casting machine during die filling operauon. 
The Open Die or Container Apparatus and Process 

The invention also provides a method and apparatus for powder delivery and filling 
of an open cavity, such as a container on food packaging production hues. 

The apparatus in this embodiment likewtse consists of a mini-hopper, a transport, 
a delivery chute and a gas control unit. 

The min,hopper agam may taction as .he interntediate s.orage unit for powder 
ano reives powder from .he main hopper. The mini-hopper has spec.ahy des,gn«d 
porous distributor pU,,es for partitioning .he mini-hopper inro a firar panmon .n 
B Id of parueuiare ma,eria, is snared and a seoond parrinon separa.e from rhe firs, partmon 
and .n communication w,,h .he fira, partition via the porous d,smbu.or plate. 

A„ inle, port is provided for recetving a compressed gas in the second partition a, 
a ,ow pressure, wherehy oniy a tayer of particuta.e materia, next to the porous distributor 
pla ,es becomes fluidized by migration of the compresaed gas through ,he porous 
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distributor plates and into the first partition. The special design for the porous plates is 
required because of the very poor flow characteristics of food, vitamins, and similar 
products. 

The transport device delivers powder/particulate material from the mini-hopper to 
the delivery chute. The transport device has a porous distributor plate for partitioning the 
transport into a first partition in which the particulate material flows and a second partition 
separate from the first partition and in communication with the first partition via the porous 
distributor plate. 

An inlet port is provided for receiving a compressed gas in the second partition at 
a low pressure, whereby only the bottom layer of the particulate material becomes 
fluidized by migration of the compressed gas through the porous distributor plate and into 
the first partition. 

The delivery chute has a center fluidizer which is used to regulate powder flow and 
meter the amount of powder with the use of a timer and turning the gas flow on and off. 
The delivery chute acts as a fluidized powder valve. 

The gas control unit is used to control the gas moisture content and regulate powder 
fluidization and powder flow in relation to the movement of the production/filling line. 
Preferably, an in-line dryer removes moisture from the gas supply and an in-line filter is 
used to remove solid impurities in the gas supply. 

The gas control unit in this embodiment is used to control the gas moisture content 
and regulate powder fluidization in relation to the movement of the production line. The 
gas control unit includes three independent pressure regulators, located in a separate 
housing, and three pneumatic solenoids, which are used to regulate the flow of gas to each 
segment of the fillshoe independently. 

The solenoids are timed to control fluidization of the powder over the open 
container on a production line. When the gas to the fluidized powder valve is turned on, 
particulate material flows into the open container. When the gas to the fluidized powder 
valve is turned off, the flow of particulate material is cut-off immediately. A timer is used 
to regulate the time at which the gas to the fluidized powder valve is turned on and off 
providing an accurate way of metering particulate material for filling a container or an 
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open cavity. 

Detailed Description with Reference to the Drawings 

In the following description, the following definitions and explanations apply. 

A closed die cavity refers to an embodiment set up such that there is no gap or open 
space between the apparatus for powder/particulate material filling and the die cavity 
receiving the powder/particulate material. 

A fillshoe is a device to which powder/particulate material is delivered in order that 
the die cavity or other mold may be filled. 

In use, the fillshoe is held tight against the die surface (no gap is allowed) and the 
powder/particulate material is dropped into the die cavity. 

To accomplish this action, the fillshoe moves in a translatory motion (back and 
forth) above the die cavity and therefore is size limited such that it fits between the die 
surface and the top punch of a die-casting machine during the fill operation. 

With particular reference to Figures 1 A and IB, a powder delivery and filling 
system includes a mini-hopper 10, a transport device 12, a delivery chute 14 and a gas 
control unit 16. The mini-hopper 10 has a porous distributor plate 18 for partitioning the 
mini-hopper into a first partition 20 in which the bed of particulate material is stored and 
a second partition 22 separate from the first partition and in communication with the first 
partition via the porous distributor plate 1 8. 

An inlet powder port 24 is provided for receiving powder mixture/paniculate 
material in the first partition 20. The inlet powder port 24 is connected to the main hopper 
26 with a flexible tube 28. The powder flows from the main hopper 26, through the 
flexible tube 28, through the inlet powder port 24 into a leveling pipe 30, and thence into 
the first partition 20 of the mini-hopper 10. 

When the powder level in the mini-hopper 1 0 reaches the base of the leveling pipe 
30 the powder forms a lock, powder flow stops and the powder level remains constant. 
The powder flow resumes to refill the mini-hopper 10 as soon as sufficient powder is 
discharged from the apparatus into the die cavity 32. 
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As such, no metering of the powder into the mini-hopper 10 is required and the 
powder level in the mini-hopper 10 fluctuates somewhat during the filling operation. It 
is preferred that the amount of powder stored in the mini-hopper 10 should be equivalent 
to at least 5 times the amount of powder required to fill the die cavity 32, thus assuring a 
5 constant flow. 

An inlet gas port 34 is provided for receiving a compressed gas in the second 
partition 22. The porous distributor plate 18 ensures uniform transmission of gas pressure 
to all sections of the mini-hopper 10. The mesh size of the porous distributor plate 18 
depends on the particle size distribution of the powder/particulate material, and is chosen 
10 to prevent clogging by entrapment of the small particles within the pores. 

The mesh material is preferably stainless steel to provide high strength, good wear 
properties and good weldability, and non-corrosive behavior. Other materials may be used 
as well. The powder in the mini-hopper 10 is loosened by migration of the compressed gas 
through the porous distributor plate and into the first partition of the mini-hopper 10, and 
15 depending on the applied gas pressure the powder can become fluidized. 

The bottom surface of powder in the mini-hopper 10 is loosened first and, as the 
pressure of applied gas rises becomes fluidized. As the amount of pressure is increased, 
all powder in the mini-hopper 10 can be fluidized. The amount of fluidization is controlled 
by regulating the gas pressure to the inlet gas port 34. 

20 The proper regulation of the applied gas pressure and flow is important to the 

proper performance of the fill system. In the most preferred embodiment of this invention, 
only the bottom surface (or thin layer) of powder is loosened or fluidized. This layer will 
then provide a "gas bearing" which reduces friction and increases powder flow rate. 

The gas pressure used depends on the powder characteristics and should be kept 
25 at a minimum. Metal powders typically used in the powder metallurgy industry have 
admixed lubricants and can be characterized as having good flow characteristics. For these 
powders the applied gas pressure used in the first partition of the mini-hopper 10 is less 
than 5 psi, typically around 2 psi. 

For fine powders with poor flow characteristics, the magnitude of the applied gas 
30 pressure should be increased, typically up to 10 or 15 psi depending on powder 
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higher the level of H, the higher the powder flow rate. 

The mini-hopper 10 provides a break between the fillshoe and the main hopper 26. 
As such, it provides higher efficiency and accuracy of filling by isolating the filling 
operation from the main powder supply in the main hopper 26, from variations in head 
pressure in the flexible tube 28 and main hopper 26, and from powder surge in the flexible 
tube 28. The result is to maintain the same conditions for successive fill operations, which 
contributes to consistency of fill of die cavity. 

The transport device 12 receives powder from the mini-hopper 10 and is connected 
to the side of the mini-hopper 10 via side discharge 38. The side discharge 38, as opposed 
to a discharge from the base, helps to keep the profile of the apparatus to a minimum to 
meet the clearance requirements for installation and operation on a die-casting machine. 

The transport device 12 has a porous distributor plate 40 for partitioning the 
transport device 12 into a first partition 42 in which the particulate material flows and a 
second partition 44 separate from the first partition and in communication with the first 
partition via the porous distributor plate 40. The powder flows from the mini-hopper 10 
into the first partition of the transport device 12. The powder flow stops when the 
transport 12 is full. 

The powder flow resumes as soon as powder is discharged from the delivery chute 
14 into the closed die cavity 32. An inlet gas port 46 is provided for receiving a 
compressed gas in the second partition. The porous distributor plate 40 ensures uniform 
transmission of gas pressure to all sections of the transport 12. 

The powder is loosened and can become fluidized by migration of the compressed 
gas through the porous distributor plate and into the first partition. The mesh size of the 
porous distributor plate 40 again depends on the particle size distribution of the 
powder/particulate material, and is chosen to prevent clogging by entrapment of the small 
particles within the pores. 

The degree of fluidization is controlled by regulating the gas pressure to the inlet 
port 46. The pressure and volumetric flow of the gas is critical to the proper performance 
of the fill system. The gas pressure used in the transport 12 is the same or similar to the 
pressure used for the mini-hopper 10, and the pressure and volumetric flow are kept at a 
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minimum. 

Again, the use of low gas pressure ensures that only the bottom layer of the powder 
in the transport device 12 reaches a fluidized state while the majority of the powder 
remains solid. This will prevent powder segregation in the transport device 1 2 when using 
a powder mixture or alloy with a wide powder size distribution, and prevent any dusting 
of fine particles. 

The transport device 12 is covered with a venting screen 48, which allows the gas 
to escape to prevent build up of pressure within the transport 12 while entraining any 
panicles. The mesh size of the venting screen 48 depends on the particle size distribution 
of the powder/paniculate material being used. The venting screen extends over the entire 
length of the transport 12 to minimize the time required for gas to escape and minimize 
any disturbance of the powder flow. 

The transport 12 sits preferably at an angle of about 45 degrees to the horizontal. 
Other configurations are possible, including from 0-15 degrees, 15-30 degrees, 30-45 
degrees, and 45-60 degrees. Inclinations beyond 60 degrees are possible, but will require 
a large clearance between the die surface and upper punch. 

This angle controls the powder trajectory as it enters the delivery chute 1 4. This 
angle can be adjusted to make sure it meets the clearance requirements of the die-casting 
machine on which the system will be mounted. As such, it can in some embodiments vary 
from zero, i.e., horizontal, to around 50 degrees. The angle of the transport device 12 to 
the horizontal influences the flow rate from the transport device 12 through the delivery 
chute 14 and into the die cavity 32. 

For the same head pressure, a high angle for the transport device 12 will increase 
the flow rate while a low angle will reduce the flow rate. The angle of the transport device 
12 is tailored to powder type. Typically, powders with poor flow characteristics or high 
angle of friction require a higher angle for the transport device 12. 

The gas pressure at inlet port 46 is also used to control the flow rate. An increase 
in gas pressure will result in an increase in powder flow rates and vice versa. The applied 
gas pressure is adjusted depending on, inter alia, the cross-sectional area of the transport 
device 12, the cross-sectional area of the die cavity opening, the volume of the die cavity 
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32, and the time allowed for fill during the compacting operation. In addition, the width 
of the transport device 12 is tailored such that the width increases slightly from the mini- 
hopper 10 to the delivery chute 14. The increase in width results in a diverging channel 
for powder flow. The result is much improved and consistent powder flow, especially for 
5 powders with poor flow characteristics. 

The delivery chute 14 functions as the powder discharge unit directly above the die 
cavity 32. The delivery chute 14 has an outer ring 50 which surrounds the opening of the 
die cavity 20. The delivery chute 14 is covered with a venting screen 52 which allows the 
gas to escape to prevent build up of pressure within the delivery chute 14 while entraining 
10 any particles. 

As noted above, the mesh size of the venting screen 52 depends on the particle size 
distribution of the powder/particulate material being used. The venting screen 52 should 
be proximate to the die cavity 32 to allow the gas to escape in the least amount of time to 
prevent any turbulence caused by buildup of gas pressure and delay in die filling operation. 
15 The size of the venting screen 52 is also maximized to minimize the time required for the 
gas to escape. The lack of proper venting will cause variations in filling and partial filling, 
especially for powders with poor flow characteristics. 

Fluidizers are preferably embedded in the delivery chute 14 to ensure powder is 
fluidized just before filling the die cavity 32. The design of the fluidizers is customized 
20 to part shape to optimize fill performance for individual parts or family of parts, depending 
on part size and shape complexity. 

Turning now to Figure 2A, several small exemplary fluidizers are illustrated. 
Those as in Figure 2 A are used for gear-shaped parts, and are positioned, e.g., above gear 
lightening holes. 

25 A ring fluidizer as illustrated in Figure 3 may be used for powders with poor flow 

characteristics to improve fill consistency. 

One center fluidizer is illustrated in Figures 4a and 4b, and can be used, e.g., for 
large ring-shaped parts. A unique feature of this center fluidizer is that it acts like a 
powder valve when the gas is turned on and off. Figure 4A illustrates the "gas off* 
30 situation where the powder is not flowing, and the backup on the central fluidizer keeps 
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the powder locked. Figure 4B illustrates the "gas on" situation where the powder is 
flowing by the fluidization action of the gas. 

In addition, a ring fluidizer may be combined with either a center fluidizer or 
several small fluidizers to increase fill speed and further improve fill uniformity. 

Referring again to Figure 1 , an inlet port 54 is provided for receiving a compressed 
gas in the center fluidizer. The delivery chute 14 is attached to the transport device 12 by 
a joint plane 56. The method of attachment allows the easy removal of the delivery chute 
14 and its quick replacement and customization for a different die cavity 32. 

Turning to Figure IB, it may be seen that the gas control unit 16 may be located 
in a separate housing and is used to control the gas moisture content and regulate powder 
fluidization timing in relation to the movement of the fill shoe on the die-casting machine. 

An in-line dryer 58 may be used to remove moisture from the gas supply. An in- 
line filter 60 may be used to remove solid impurities in the gas supply. The gas control 16 
contains a control device 62, which may be a computing device capable of being 
programmed for various run profiles and sensing parameters to control the fluidized 
particulate flow. The control device may also incorporate a timer, three independent 
pressure regulators 64, three pressure gauges 66, and three pneumatic solenoids 68. The 
gas control unit 16 is used to regulate the flow of gas to each segment of the fillshoe 
independently. 

The timing of the gas flow to the center fluidizer is used to control the amount of 
powder discharged into the die cavity 32. The timing may be triggered by a micro- 
controller on the die casting machine or by a proximity sensor mounted on the die casting 
machine. The die casting or other machine may also be connected to the control device 
62 to provide seamlessly integrated operation. 

The use of 3 independent stages for pressure and timing allows customization and 
tuning of each stage of the system for multiple applications. 

Returning to Figure 1 , it may be seen that the apparatus also provides an exhaust 
hood 70 for collection of any fine powder particles that may escape through the venting 
screens. The exhaust hood 70 has a vent 72 which is left open or can be connected to a 
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vacuum machine if the escape of any amount of panicles is considered detrimental to the 
environment. 

The venting screens are designed as removable vents for easy maintenance and 
cleaning of the apparatus. A hold-down mechanism is attached to the fillshoe to hold the 
5 fillshoe tight on the die casting machine and move the fillshoe forward into fill position 
and pull it back from under the punch during compacting. The hold-down mechanism may 
be attached to the fillshoe at shoulder bolts 74. 

FIG. 2A shows the design for a delivery chute for producing, e.g. a gear, by the 
process according to the invention with one (1 ) lightening hole at the center and eight (8) 
10 lightening holes around the circumference. The delivery chute shows the layout which 
includes a center fluidizer 74 and eight fluidizers 76 around the circumference. An outer 
ring 82 around the fluidizers inside the delivery chute 14 has an inside diameter larger than 
the outside diameter of the die cavity 32 and surrounds the die cavity 32 when the fillshoe 
is in the fill position. 

15 As the fillshoe is pushed forward into fill position above the die cavity, the 

fluidizers will be right above core rods inside the die cavity. 

Figure 2B illustrates a vertical cross section and shows how the center fluidizer 74 
and the fluidizers 76 around the circumference are suspended from a manifold 84 inside 
the delivery chute 14. A gas port 86 is provided to allow gas to flow into the individual 
20 fluidizers. 

Turning now to Figure 2C, it can be seen that each individual fluidizer 88 has a 
tube 90, which acts as a support and allows gas to flow through. The tube 90 is connected 
at the base to a cup 92. The cup 92 is covered with a porous distributor plate 94, which 
ensures uniform transmission of gas to the powder inside the delivery chute 14. The tube 

25 90 has holes 96 between the cup 92 and the porous distributor plate 94. The holes 96 are 
evenly distributed around the circumference of the tube 90 to ensure uniform gas pressure 
inside the chamber between the cup 92 and porous distributor plate 94. The tube 90 has 
threads 98 at the top. The threads 98 are used to suspend the fluidizer 88 from the 
manifold 84 (Fig 2B). A lock nut 99 at the base of the threads 98 is used to secure a tight 

30 fit of the fluidizer 88 to the manifold 84. 
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The center fluidizer 74 (Figure 2A) and the fluidizers 76 around the circumference 
have the same design as discussed for an individual fluidizer 88 (Fig 2C). The diameter 
of the center fluidizer 74 can be different than the diameter of the other fluidizers 76, 
depending on the part shape. 

5 A collimator 100 (Figure 2A) is centered within the delivery chute 14 (Figure 1 A) 

and on the center fluidizer 74 (Figure 2A). The optimal case for powder filling is to drop 
the powder vertically and uniformly above the die cavity 32. The powder exits the 
transport device 12 at an angle alpha and enters the delivery chute 14 through the 
collimator 100. 

10 The collimator 100 changes the direction of the powder to vertical. By adjusting 

the height of the collimator 100 a nearly uniform distribution of powder is achieved. 
Without the collimator 100 the powder exits the transport at an angle and hits the front of 
the delivery chute before dropping into the die cavity 32. As a result, without the 
collimator 100 variations in fill are seen between the front and back of the die cavity 32. 

15 Typical operation of the fluidized fillshoe includes several stages. The fluidized 

fillshoe shown in Figure 1 A is mounted on a die casting machine. The fillshoe is pushed 
forward until the delivery chute 14 is centered above the die cavity 32. As the fillshoe is 
pushed forward, the powder is fluidized by turning the gas pressure on. 

The powder is dropped in the die cavity 32 and the fillshoe is then retracted. The 
20 fillshoe may dwell on top of the die cavity 32 for around one second, depending on the size 
of the die cavity. Other fill times are possible, but the preferred ranges are from .10 to .5 
seconds, .5 seconds to 1.0 seconds, and 1.0 to 3.0 seconds. 

Powder overfills the die cavity 32 and as the fillshoe is retracted the front of the 
delivery chute 14 scrapes the top of the die cavity and levels the powders. Typically, the 
25 gas pressure is turned off after the dwell time and during retraction of the fillshoe. 
However the gas may merely be run at a reduced pressure so as to substantially lessen or 
completely reduce the powder flow without completely closing the valves. 

Once the gas pressure is off, all powder within the fillshoe returns to a state 
resembling a solid. During the next fill operation, the powder will have to be fluidized 
30 again before filling. The system in a preferred embodiment delivers an amount of powder 
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for each fill operation enough to fill, or slightly overfill, the die cav.ty 32 and then is 
turned off, as opposed to a continuous fill operation. However, in some circumstances 
a continuous fill may be desirable, e.g. in extremely tngh speed operations. 

' figure 3 shows a delivery chute 102 with a ring fluidizer configuration. A porous 
5 dl stnbutor plate 105 lies within the outer ring 106 on the delivery chute 102. An inlet gas 
port 108 is provided for receiving a compressed gas between the porous distributor plate 
1 05 and the outer ring 1 06. 

A pharaliry of gas pons are present spaced radially around .he ring in a preferred 
embodiment. The porous dis.ribu.or pla.e 105 ensures uniform .ransm.ss.on of gas 
,0 pressure ro all sections of the delivery chute 102. 

A powder ring atound me porous disrributor plate 1 04 inside the delivery chute 1 02 
becomes Mdizedby migrarion of the gas through the P „ro„sdis,rib„.orplu« 105 andtmo 
me delivery chore 102. The powder is fluidized jus. before U dtops inside «• *■««* 
, ,0. Venring screens 1 12 are provided to allow ,„. gas .o escape and prevent butldup o 
, 5 pre ss„re inside the delivery chore .02. The inclination of the porous dismbu.or p>a,e 05 
' „ me horizon*, varies from zero (horizontal, ro 90 degrees (vertical) dependtng on ,h 
powder How characterises and pan shape, including stze and complexity. Prefenred 
nmges are from 1 0-45 degrees, 45-90 degrees, and especially abou. 45 degrees. 

Figure 4A illustrates a delivery chure .02 wtrh a fluidized valve and ring fluidizer. 
20 The Outdized valve is used to me.er me powder flow into .be die e»vi,y HO by turning .be 
gK „„w on and off. The Outdized va,ve eo„,srs of an tndividua, flu.dizer 1,4 combmed 
wi,h an ex.ez.ded collimator 1,6. The col.imator ,16 extends inside the de very chute 
,eavmg a gap D3 between the base of the coWmator tube U 6 and me .op of .he porous 
dismbLr Plate ,04. When me gas is off, .be powder ,20 ,n me collimator 1 ,6 an above 
25 lhe porous dis,ribu,or plate ,04 forms a ,oc K preventmg any powder flow ou, of 
delivery chute. 

The functioning of the floidized valve depends on proper fomrarion of a powder 
lock as soon as .he gas is sbu, off. The powder .oca iflus.ra.ed in Figure 4A depends on 
powder character,*, especiafly .he powder angle of repose, .he diameter Dl of .be 
„ „A,ma,or rube 1 16, .be diameter D2 of .he porous dis.ribu.or plate ,04 and .be gap D3. 
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An angle beta is defined such that the tangent of beta is equal to D3 divided by (D2-Dl)/2 
(See graphical representation 1 below). If the angle beta is greater than the angle of repose 
of the powder, than no powder lock will form. D2 is typically controlled by the inside 
diameter of the part to be compacted. Dl is fixed for a given delivery chute. D3 can be 
adjusted to enable a powder lock. 

Typically, the angle beta is reduced to less than or equal to the angle of repose of 
the powder. At the same time, the gap controls the powder flow rate out of the delivery 
chute. If the gap D3 is reduced significantly, the performance of the fillshoe will be 
adversely affected. The gap D3 should be as large as possible to increase powder flow rate 
when the gas is turned on while maintaining a powder lock when the gas is shut off. When 
the gas is turned on, the powder flows as illustrated in Figure 4B. 




(D2-Dl)/2 

GRAPH 1 

Typical operation of the fluidized fillshoe with a single fluidized valve has one 
major difference from the design with multiple fluidizers. While the gas is turned off. the 
fillshoe is pushed forward until the delivery chute 122 is centered above the die cavity 124. 
No powder is dropped in the die cavity as the fillshoe is pushed forward. Once the 
delivery chute 122 is centered above the die cavity 124, the gas is turned on and the die 
cavity 124 is filled. As such, all powder is dropped vertically, consistently and uniformly 
into the die cavity during successive filling operations. 

The dwell time of the fillshoe over the die cavity 124 depends on the size of the die 
cavity 124. The gas is shut off, a powder lock is formed inside the collimator tube 126, 
and then the fillshoe is retracted. The dwell time is controlled with the timer to minimize 
the amount of overfill of the die cavity 124. As the fillshoe is retracted, the die cavity 
surface is scraped and the excess loose powder within the delivery chute 122 is discharged 
into a cavity or sloped area in a wear plate on top of the die casting machine. As such, 
during the subsequent fill operation no residual powder exists within the delivery chute and 
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no powder is dropped in the die cavity 124 during fillshoe movement. 

Turning now to figures 5A and 5B a preferred apparatus for open cavity will be 
described in detail. 

"Open cavity" refers to a set up in which there is a gap or open space between the 
apparatus for powder/particulate material filling and the cavity or container receiving the 
powder/particulate material. 

Typically, powder/particulate material is delivered to a filling station above the 
container and dropped freely into an open container. Air in the container is allowed to 
escape freely. In this application, the fill system is stationary. When located on a 
production line, there is generally no limit on space above the open cavity. 

With reference to Figure 5 A particularly, a powder delivery and filling system for 
an open cavity includes a mini-hopper 128, a transport 130, a delivery chute 132 and a gas 
control unit (not shown, but similar to Figure IB). The mini-hopper 128 has a porous 
distributor plate 134 for partitioning the mini-hopper into a first partition 136 in which the 
bed of particulate material is received and a second partitionl38 separate from the first 
partition and in communication with the first partition via the porous distributor plate 134. 

An inlet powder port 140 is provided for receiving powder mixture/paniculate 
material in the first partition. The inlet powder port 140 is connected to the main hopper 
with a leveling pipe 142. The powder flows through the inlet powder port 140 into the 
leveling pipe 142 into the first partition 136 of the mini-hopper. When the powder level 
in the mini-hopper 136 reaches the base of the leveling pipe 142 the powder forms a lock, 
powder flow stops and the powder level is maintained constant. 

The powder flow resumes as soon as powder is discharged from the mini-hopper 
128 into the transport 130. An inlet gas port 144 is provided for receiving a compressed 
gas in the second partition of the mini hopper 128. The porous distributor plate 134 
ensures uniform transmission of gas pressure to all sections of the mini-hopper 128. As 
elsewhere, the porous distributor plate may be either vertical or at an angle to the vertical, 
depending on powder flow characteristics. 

As noted above, the layer of powder near the porous distributor plate 1 34 becomes 
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loose by migration of the compressed gas through the porous distributor plate and into the 
first partition. The mesh size of the porous distributor plate 1 34 depends on the particle 
size distribution of the powder/particulate material, and is chosen to prevent clogging by 
entrapment of the small particles within the pores. 

The mesh material is preferably stainless steel to provide high strength, good wear 
properties, good weldability and non-corrosiveness. Other materials may be selected for 
varying purposes, e.g. filtering or the like, and other materials may be used such as 
aluminum, copper, reinforced felting, etc. 

The fluidization is controlled by regulating the gas pressure to the inlet port 144. 
The volume of the gas flow and the gas pressure is important to the proper performance 
of the fill system. The gas pressure used depends on the powder characteristics and 
preferably should be kept at a minimum. The use of low gas pressure ensures that only the 
layer of the powder near the porous distributor plate 134 is fluidized while the majority of 
the powder remains in a solid state. 

This will prevent powder segregation in the mini-hopper 128 when using a powder 
mixture with a wide powder size distribution, prevent any dusting of fine particles, and the 
powder can maintain a lock around the inlet leveling pipe 142. 

Turning now to Figure 5B, it can be seen that the mini-hopper 128 is covered with 
a venting screen 148 which allows the gas to escape to prevent build up of pressure within 
the mini-hopper while entraining any particles. The mesh size of the venting screen 148 
depends on the particle size distribution of the powder/particulate material being used. 

The mini-hopper 128 provides a break between the fillshoe and the main hopper. 
As such, it advantageously isolates the filling operation from the variations in head 
pressure, and provides a constant powder head. The result is to maintain uniform 
conditions for successive fill operations, which contributes to consistency of fill. 

The transport device 130 has a porous distributor plate 152 for partitioning the 
transport into a first partition 1 54 in which the particulate material is received and a second 
partition 156 separate from the first partition and in communication with the first partition 
via the porous distributor plate 152. An inlet gas port 158 is provided for receiving a 
compressed gas in the second partition. 
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The porous distributor plate 152 ensures uniform transmission of gas pressure to 
first partition of the fluidized pipe transport device 154. The layer of powder near the 
porous distributor plate 152 becomes loose by migration of the compressed gas through 
the porous distributor plate and into the first partition. Again, the mesh size of the porous 
s dl stributor plate 152 depends on the particle size distribution of the powder/paruculate 
material, and is chosen to prevent clogging by entrapment of the small particles within the 
pores. 

The mesh material is preferably stainless steel to provide high strength, good wear 
properties, good weldability and is non-corrosive, but other materials may be used. 

0 The fluidization is controlled by regulating the gas pressure to the inlet port 158. 

The magnitude of the gas pressure is important to the proper performance of the fill 
system The gas pressure used depends on the powder characteristics and should be kept 
at a minimum. The use of low gas pressure ensures that only a thin layer of the powder 
near the porous distributor plate 152 is loosened to eliminate or minimize dustmg-and 

15 segregation. 

The transport 130 is covered with a venting screen 160 which allows the gas to 
escape to prevent build up of pressure while entraining any particles. The mesh srze of the 
venting screen 160 depends on the particle size distribution of the powder/pamculate 
m aterial being used. The inclination of the porous distributor plate 1 52 to the horizonta 
20 varies depending on powder flow characteristics. A typical inclination is around 45 
degrees, but ranges from 5-25; 25-65; and 65-75 are possible depending on the powder 
type. 

The delivery chute 132 functions as the powder discharge unit, directly above the 
open cavity 164. The delivery chute 132 has a collimator pipe 166 and a fluids 169. 
, 5 The collimator pipe 166 redirects the direction of flow of the powder to vertical and ,s 
directly positioned above the open cavity. 

The fluidizer 169 has the same design as the fluidizer illustrated in Figures 4A and 
4B The combinauon of the colhmator pipe 166 and fluidizer porous distribution plate 1 68 
enable the system to function as a fluidized valve with powder flow when the gas is turned 
30 on and no powder flow when the gas is turned off. 
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The delivery chute 132 is covered with a venting screen 170 which allows the gas 
to escape to prevent build up of pressure within the delivery chute 132 while entraining 
any particles. The mesh size of the venting screen 170 depends on the particle size 
distribution of the powder/particulate material being used. The proximity of the venting 
screen 170 to the top of the porous distributor plate 168 is critical to allow the gas to 
escape in the least amount of time to prevent any turbulence caused by buildup of gas 
pressure and interference with powder flow within the collimator tube 166. 

An inlet gas port 172 is provided for receiving a compressed gas in the fluidizer. 

The gas control unit 16 as illustrated in Figure IB is located in a separate housing 
and is used to control the gas moisture content and regulate powder fluidization timing in 
relation to time of filling of the open container. The gas control unit 16 is used to regulate 
the flow of gas to each segment of the fillshoe system independently. The timing of the 
gas flow to the center fluidizer is used to meter the amount of powder discharged into the 
cavity 164. 

The gap D3 between the base of the collimator tube 166 and the top of the porous 
distributor plate 168 is adjusted to control the flow rate. When the gas is off, the powder 
in the collimator 166 and the porous distributor plate 168 forms a lock preventing any 
powder flow out of the delivery chute 132. 

The functioning of the fillshoe system depends on proper formation of a powder 
lock as soon as the gas is shut off. The powder lock illustrated in Figure 5A depends on 
powder characteristics, especially the powder angle of repose, the diameter Dl of the 
collimator tube 166, the diameter D2 of the porous distributor plate 168 and the gap D3. 
An angle beta is defined such that the tangent of beta is equal to D3 divided by (D2-D1 )/2. 
If the angle beta is large than no powder lock will form. D2 is typically controlled by the 
inside diameter of the part to be compacted. Dl is fixed for a given delivery chute. D3 
can be adjusted to enable a powder lock. 

Typically, the angle beta is reduced to less than or equal to the angle of repose of 
the powder. A preferred angle is 45 degrees, and other usable ranges include 25-65 
degrees and from 10-80 degrees, approaching the vertical or horizontal. At the same time, 
the gap controls the powder flow rate out of the delivery chute. If the gap is reduced 
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significantly, the performance of the fill system will be adversely affected. The gap D3 
should be as large as possible while maintaining a powder lock. 

When the gas is turned on, the powder flows as illustrated in Figure 5B. A built 
in micrometer 174 is used to adjust the gap D3. The micrometer 174 is near the gap D3 
5 which makes it easy to use, and is on the outside the delivery chute 132 which makes it 
easy to access. 

Figure 6 illustrates one method for supporting the apparatus for filling open 
cavities. The apparatus may be affixed to post 176. 

Figure 7 illustrates an embodiment suitable for powder/particuiate material with 
10 very poor flow characteristics. A fluidized cone 178 is introduced between the transport 
180 and the delivery chute 182. The fluidized cone 178 has a porous distributor plate 184 
for partitioning the fluidized cone 178 into a first partition in which the particulate material 
is received and a second partition separate from the first partition and in communication 
with the first partition via the porous distributor plate 1 84. 

15 An inlet gas port 186 is provided for receiving a compressed gas in the second 

partition. The layer of powder near the porous distributor plate 1 84 becomes loose by 
migration of the compressed gas through the porous distributor plate and into the first 
partition. The fluidization is controlled by regulating the gas pressure to the inlet gas port 
186. The magnitude of the gas flow and the gas pressure is important to the proper 

20 performance of the fill system. 

The gas pressure used depends on the powder characteristics and should be kept 
at a minimum. The use of low gas pressure ensures that only a thin layer of the powder 
near the porous distributor plate 1 84 is loosened to eliminate or minimize dusting and 
segregation. The cone fluidizer 1 78 is covered with a venting screen 1 88 which allows the 
25 gas to escape to prevent build up of pressure while entraining any particles. 

The inclination of the porous distributor plate 184 to the horizontal varies 
depending on powder flow characteristics. A typical inclination is around 45 degrees. 

Turning now to Figure 8, an embodiment suitable for powder/particuiate material 
with poor flow characteristics is described. With such characteristics, replenishment of 
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the mini-hopper from the mam hopper through a flexible hose may be inconsistent. An 
in-line fluidized connector is introduced at discrete locations along the flexible tube, 
especially at the location where there is a reduction in the diameter of the tube. 

The purpose of the fluidized connector is to assist powder flow in ptpes and tubes, 
5 especially at areas with a transition in pipe diameter. With reference to FIG. 8, a porous 
distributor plate 190 surrounds the outer nng 192 of the fluidized connector 194. An mlet 
gas port 196 is provided for receiving a compressed gas between the porous distnbutor 
plate 190 and the outer ring 192. A powder ring around the porous distributor plate 190 
inside the fluidized connector 194 becomes fluidized by migration of the gas through the 
,0 porous distributor plate 190 and into the fluidized connector 194. 

Venting screens 198 are provided to allow the gas to escape and prevent buildup 
of pressure inside the fluidized connector or exit through the inlet pipe 200 or the outlet 
pipe 202. The inclination of the porous distributor plate 190 to the horizontal « 45 
degrees, but is adjusted depending on the powder flow characteristics. 

The control of gas pressures, volumes, and flow to the various gas mlet ports of the 
present invention is controllable by variable valves as illustrated in Figure IB. The valves 
ma y be controlled by a computer running appropriate software to accomplish the result of 
smooth flow. The valves may also be manually adjusted by an experienced operator for 
smooth flow. Suitable computer equipment includes standalone or networked computers 
20 for control of stages of a continuous process. Strategically located sensors may detect 
excess powder flow, and optical inspection may reveal insufficiently filled dies or molds, 
in that event, the sensors, winch can be linked to the control computer, signal that too 
much or too little powder is being transferred though the apparatus, and the gas flow may 
be increased or decreased as the situation warrants. 

While the invention has been particularly shown and described with reference to 
a preferred embodiment thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the sptnt 
and scope of the invention. 
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Having described the invention as above, we claim: 

1. A delivery and filling system for filling a cavity with a particulate material, 
comprising; 

a hopper; 

a transport device connected to the side of the hopper and angularly 
descending therefreom at an angle to the horizontal, 

at least one of said hopper and transport device having at least one porous 
distributor plate partitioning said hopper and transport device into a first chamber in which 
said particulate material is stored, and a second chamber in gaseous communication with 
said first partition via said porous distributor plate; 

a delivery chute connected to the lowermost end of the transport device, said 
delivery chute including a collimator and at least one ftuidizer located below the 
collimator; 

a compressed gas source connected to the at least one porous distributor plate and 
the at least one fluidizer; and 

a gas-control unit having at least one pressure regulator, pressure sensor, and flow 
metering solenoid value to independently regulate the flow of gas to the at least one porous 
distributor plate and the at least one fluidizer of the system independently. 

2. A system as claimed in claim I, further comprising at least one venting screen 
located proximate to the hopper, transport device or delivery chute. 

3. A system as claimed in claim 1, wherein the hopper and transport both are 
provided with a porous distributor plate. 

4. A system as claimed in claim 1, wherein the porous distributor plate allows gas 
to pass therethrough but not the particulate material. 

5. A system as claimed in claim 1, including a porous distributor plate in the base 
of the hopper, and wherein said porous distributor plate is angled downwardly to facilitate 
flow of particulate material into the transport device. 
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6. A system as claimed in claim 1, wherein the gas control unit further controls 
moisture content. 

7. A system as claimed in claim 1, wherein the hopper, transport device, and 
delivery chute are movable in the horizontal direction along a path over the cavity to be 

5 filled. 

8. A system as claimed in claim 1, wherein said angle of the transport device is 
adjustable. 

9. A system as claimed in claim 1 , wherein the transport device increases in width 
from the hopper to the delivery chute. 

10 10. A system as claimed in claim 1, wherein said delivery chute includes a 

plurality of fluidizers. 

11. A system as claimed in claim 10, wherein the plurality of fluidizers located 
within the delivery chute are arranged in a pattern which matches the shape of the cavity. 

12. A system as claimed in claim 1, further comprising a funnel between the 
15 transport device and the delivery chute, said funnel having an interior wall and being 

provided with a ring-fluidizer located on the interior wall. 

13. A system as claimed in claim 1, wherein the delivery chute collimator and 
fluidizer are spaced such that when no gas is applied, the collimator and fluidizer prevent 
the flow of particulate material. 

20 14. A system as claimed in claim 13, wherein the spacing between the collimator 

and fluidizer is adjustable. 

15. A system as claimed in claim 1, wherein the gas control unit controls the gas 
flow independently for each porous distributor plate and fluidizer. 

16. A system as claimed in claim 1, wherein the cavity is part of a die-casting 
25 machine, and the gas-control unit is connected to the control of the die-casting machine 

to provide an intermittent flow of particulate material. 

17. A system as claimed in claim 1, wherein the cavity is part of a die-casting 
machine, the particulate material comprises ceramic and metal particulates, and the die 
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cavity forms ceramic-reinforced metal-matrix composites. 

18. A system as claimed in claim 1, wherein the hopper is provided with a leveling 
pipe having an end extending into the first partition of the hopper, whereby flow of 
particulate is interruped when the level of parficulate in the hopper reaches the leveling 
pipe end. 

19. A system as claimed in claim 1. wherein the delivery chute is fixed in position 
and the cavity moves thereunder. 

20. A system as claimed in claim 1, further comprising at least one venting screen 
on the hopper, transport device, or delivery chute. 

0 21. A system as claimed in claim 1, wherein the hopper, transport device, and 

delivery chute are contained within a housing, said housing being attached to a vacuum 
source to remove particulate matter from the air. 

22. A particulate matter flow-control valve, comprising; 
an inlet pipe having a diameter; 
15 at least one fluidizer, said fluidizer having a porous distributor plate and a gas inlet 

for admitting a compressed gas, said fluidizer being located a distance below said inlet, 
whereby, when the gas is turned on, the flow of particulate matter is facilitated 
through the flow-control valve. 

23. A valve as claimed in claim 22, wherein the ^stance is such that when the gas 
20 is turned off, the flow of particulate matter stops. 

24. A valve as claimed in claim 22, further comprising an outlet. 

25. A valve as claimed in claim 24, wherein the outlet is a p.pe of lesser diameter 
than the inlet. 

26. A valve as clahned in claim 22, wherein the porous distributor plate is in the 
25 shape of an inverted frustum. 

27. A method for filling a cavity with particulate material, comprising the steps 

of: 
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providing a hopper connected to a downwardly descending transport device, and 
a vertical delivery chute connected to the transport device, 

providing at least one porous distributor plate within any of said hopper, transport 
device, or delivery chute, and one fluidized valve within said delivery chute, 

5 connecting a source of compressed gas to said porous distributor plate and fluidized 

valve, 

connecting a source of particulate material to said hopper, and 

regulating the flow of gas to said porous distributor plate and fluidized valve to 
uniformly move the particulate material to fill the cavity. 

10 28. A process as claimed in claim 27, wherein the gas flow is regulated such that 

the minimum gas flow necessary to fluidize the particulate material is supplied to the 
porous distributor plate. 
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